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\ (54) Title: MEmODS OF ROUGHENING A CERAMIC SURFACE 





(57) Abstract: Disclosed herein is a method of 
roughening a ceramic sur&ce by fonning mechanical 
interlocks in the ceramic sui&ce by a chemical 
etching process, a themial etching process, or a laser 
mioDmachining process Also disclosed hraein are 
components for use in semiconductor processing 
chambers (in particular, a deposition ring for use in 
a PVD chamber) which have at least one ceramic 
sui&ce having mechanical interlocks formed therein 
by chemical etching, or laser micromachining. 
Ceramic surfaces which have been roughened 
according to the chemical etching, thermal etching, or 
las«' micromachining process of the invention are less 
brittle and damaged than ceramic sur&ces which are 



The method of the inventicm results in a roughened 
ceramic sur&ce which provides good adherence to an 
ovarlying sacrificial layer (such as aluminium). 
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[0002] 



BACKGROUND OF THE INVENTION 



[0003] 1. Field of the Invention 

[0004] The present invention pertains to methods of roughening a ceramic stuface in 
order to promote adherraice of a material applied over the ceramic. The invention also 
pertains to components for use in semiconductor processing equipmeat which inchide 
roughened coramic sur&ces. 

[0005] 2. Brief Description of the Backyromid Art 

[0006] In sraniconductor device manufecturing. physical v^r deposition (PVD) is a 
process which is frequently used to dq>osit a layer of matecial onto a substrate. Figure 1 
shows a cross-sectional schematic of a PVD processing chamber 100. Dining a PVD 
process, a plasma (such as an argon plasma) is used to sputter mataial (such as copper or 
tantalum) from a target 1 02 onto the surface of a semiconductor substrate 104 (typically a 
silicon wafer), which sits atop an electrostatic chuck 106. A deposition ring 108 is 
positioned over the exposed upper surfece of the chuck 106 which extends beyond the outer 
edge of semiccmductor substrate 1 04, in order to protect tiie chuck from depositing materials. 
Deposition ring 108 is typically made of a ceramic material such as aluminum oxide, so that 
the linear thermal expansion of the deposition ring 108 will be the same as the aluminum 
oxide surfece of the electrostatic chuck 106. A cover ring 1 10 encircles tiie outer edge of 
deposition ring 1 08. The cover ring 1 10 is typically made of a metal, such as titanium. 
[0007] During copper metallization processes, a layar of tantalum is frequently deposited 
onto the substrate 104 as a wrtting layer to ferilitate subsequent copper deposition. During 
tantalum deposition (and also during drambw warm-up operations, whai a tantalmn target 
is in the dwmber), tantalum is sputtered onto the deposition ring 108, as well as the substrate 
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104. The ceramic surface of the deposition ring 108 is roughened so that the depositing 
tantalum will adhere to the surface of the deposition ring 108 and will not flake off and 
contaminate the chamber. Roughoiing of the coramic surface of the deposition ring is 
typically performed by grit blasting using silicon carbide particles. 
[0008] At some point, the tantalum build-up must be removed from the deposition ring 
108, before the amount of deposition becomes so great that the tantalum bridges across to 
smfaces adjacent tibie deposition ring 108 and creates an electrical pathway between the 
metal cover ring 1 10 and the semiconductor substrate 102. However, tantalum is highly 
resistant to chemical etchants and is xuA easily removed by conventional means. 
[0009] Referring to Figure 2A, one approach to provide for tantalum removal involves 
coating tiie roughened surface 203 of the ceramic dqiosition ring 202 with a sacrificial lays: 
of aluminum 204. Figure 2B ^ows the surface 203 of the ceramic dqposition ring 202 as 
a layer 206 of tantalum starts to build up over sacrificial aluminum layer 204. The 
ahmmmm layer 204 can be easily dissolved away (e.g., by dipping in an add bafli), taking 
flie overiying dqposited tantalum 206 with it (not shown). Howevra-, as the tantahim layer 
206 builds up during semiconductor processing operations, it piills on the underlying 
sacrificial alummum layer 204, causing the almninum layer 204 to sepaiata &om. the surface 
203 of ceramic deposition ring 202, as shown m Figure 2C. This usually results m flaking 
off of the dual layer of tantalm 206 and aluminum 204. 

[0010] Although the mrfure of this Mure is currently not well understood, uiitial 
observations indicate tiiat the &ilure occurs close to the interface 203 between the sacrificial 
aluminum layer 204 and the ceramic deposition ring 202, and not deep within the aluminum 
layer. It is therefore believed that sur£ice properties of the ceramic are a major contributing 
factor in tiie observed Mures. 
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[001 1] The adherence of the aluminum layer 204 to the underlying ceramic surface 203 
is principally determined by the trauile strength of the ceramic matrix (which affects 
cohesive strength) and the surfece morphology of the ceramic (which affects surfece 
adherence). Roughoiing of the ceramic surface 203 by diamond tool grinding is known to 
deate microoacks 205 in the first few microns of the ceramic surfece, ttierdby reducing the 
tensile strength of the ceramic matrix and increasing the brittleness of the ceramic, 
subjecting the ceramic material to cohesive Mure when the ovorlying sacrificial aluminum 
layer 204 places stress on the surface 203 of ceramic deposition ring 202. It is e}q)ected that 
silicon carbide grit blasting has a similar effect on the ceramic as diamond tool grinding, as 
grit particles impact and may even become embedded in the ceransic surface. Tho-efore, 
stresses created within the ceramic dqposition ring 202 due to tensile forces s^lied by the 
pulling of &e tantalum layer 206 and ahiminum layer 204 as they separate £rom the ceramic 
202 are expected to further mcrease the depth and the extent of the microcracking 205, as 
shown in Figure 2C. 

[0012] There is a need for a method of roughening a ceramic surfece which promotes 
adherence of the sacrificial aluminum layw 204 to the surface 203 of the ceramic deposition 
ring 202, while minimizing types of damage which promote initiation of or increase in the 
amount of craddng of the ceramic suifice. It is well establidied that sharp reentrant comers 
in the surfece or outer layers of a brittle material can be sites of crack initiation under stress 
conditions. 

[0013] SUMMARY OF THE INVENTION 

[0014] We have discovwed a method of roughening a ceramic surface in which 
mechanical interlocks are formed in the cearanric surfece (such as an aluminum oxide 
surface) by chemical etching, thermal etching, or using a laser micr om a ch i rm ig process. The 
method of the invention results in an effectively rougjiaied caamic surfece which provides 
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good adherence to an overlying sacrificial layer (such as aluminum), while minimizing 
microcracking and othw damage to the ceramic surfece. Because there is essentially no 
chemical bonding betweai ttie ceramic and an overlying, typically metal sacrificial layer, 
the method of the invention functions by enlarging the contact atea. between the ceramic 
surfece and the sacrificial layer, and mechanically locking the sacrificial layer to the ceramic 
sinface. 

[0015] The mechanical interlocks in the ceramic smSace arc typically, and not by way 
of limitation, formed by 1) pattern etching the ceramic sui&ce through a tnaair vising a 
chemical etchant, or 2) a thermal etching process, or 3) usnig a laser system which includes 
optics for producing a pattraned beam. The ceramic surface which has mechanical interlocks 
fiwmed ihsxein may be used for a number of different plications within semiconductor 
processing equipment when it is desired to improve tbs adherence of a lays: of material 
applied over the ceramic surface. A particular application of tihe invention is a deposition 
ring for use within a ph^cal vsqfor deposition chamber, where an iqyper sur&ce of the 
deposition ring has mechamcai interlocks formed therein by chonical etching, thermal 
etching, or laser miciomachining. 

[0016] BRIEF DjBSCRimON OF THE DRAWINGS 

[001 7] Figure 1 shows a cross-sectional schematic of a physical vqxH- dqwsition (PVD) 
processing chamber 100. 

[001 8] Figures 2A - 2C illustrate the build-iq> of a tantalum layer 206 on the surface of 
a sacrificial aluminum layer 204 and the sobsequait sq[>aration of the tantalum layer 206 and 
aluminum layer 204 fix>m Ihe roughened coamic sur&ce 202, which increases 
microcracking 205 of the ceramic surfice. 
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[0019] Figures 3A - 3C are cross-sectional schonatic views iUusferating an exemplary 
method of the invention for foiming mechanical interlocks in a ceramic surface using a 
chemical etching process. 

[0020] Figure 4 is a cross-sectional schematic view of a structure 400 showing grooves 
402 which have been foimed in a ceramic sui&ce 401 using a thermal etdiing process, as 
described hereia 

[0021] Figures isacrossHsecti(»ialsdiematicviewof astnictureS00showingtwoS02, 
504 of the four lobes of a laser-drilled cavity 501 comprising four cavities. Each of the four 
separate cavities has one wall cut at an angle other than 90° to the surface of the ceramic. 
The four cavities are arrayed at 90° to each other and intersect m the middle to create a 
single, four-lobed cavity. 

[0022] Figure 6 is a cross-sectianal schematic view of a structure 600 having a layer 608 
of a saaifidal material dqx>sited over ceramic sur&ce 602 and filling mechanical interlocks 
605. 

[0023] Figure 7 is a cross-sectional schematic view of a structure 700 having a bond coat 
layer 707 dqposited over ceramic surface 702 and filling medbanical interlocks 705. A layer 
708 of a sacrificial matoial is deposited over bond coat layer 707. 

[0024] DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0025] Disclosed herein is a method of roughening a ceramic surfiice by foiming 
mechanical interlocks in the ceramic sur&ce by dbanical etching, thermal etching, or using 
a laser micromachining process. The method is s^Iicable for promoting adherence of an 
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overlying layer to an mderlying ceramic surface for use in semiconductor processing 
chanibers. To iUostrate the invention, ^licante d^cribe ibis invention vdth leforace to use 
in a physical vapoi d^osition (PVD) chamber. The ceramic surface has mechanical 
interlocks formed therein by chemical etching, thermal etching, or laser micromachining. 
Exemplary processing conditions for prafoiming the mefliod of the invention are set forth 
below. 

[0026] As a preface to the detailed description, it should be noted that, as used in this 
specification and &e app&^ied claims, the singular ibims "a", "an", and "the" mclude plural 
referents, unless the cont^ clearly dictates otherwise. 

[0027] I. METHOD OF ROUGHENING A CERAMIC SURFACE 
[0028] The present invention is a method of xoughening a ceramic sur&ce by fonning 
mechanical interlocks therein. The ceramic may be any ceramic material known in the art, 
depending on the particular end use q^lication of the roughened ceramic surface. For use 
within a soniconductor processbag climber, preferred ceramic materials include almnina, 
quartz, alumina/quartz mixtures (e.g., mullite), aluminum nitride, silicon carbide, silicon 
nitride, and borrai carbide, by way of example and not by way of limitation. 
[0029] FonnaticnofmechamcalinteilociksinthBcerandcsurfiu>5canbepeil^ 
either a chemical etching process, a fhomal etching process, or a laser micromachining 
process. 

[0030] Figures 3A - 3C illustrate a particular embodunent of the invention for formmg 
mechanical interlocks in a ceramic surface using a dionical etehing process. The first step 
of the process is the formation of a patterned mask 304 on the ceramic surfice 302, as shown 
in Figure 3 A. The patterned mask 304 may take a variety of fimns. Several alternatives 
include a conformal elastomeric mask which is adhesive-bonded or clamped to the ceramic 
surface 302; a rigid metel mask tfcat is close-fitting to Ihe craamic surfece 302; or a thin 
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metal coating that has beea patterned with evenings by a metel removal process, such as 
etching. Openings in the mask 304 can be formed using a plasma etching process, lasa 
micromachining process, convaitional machining, or photoengraving (by way of example 
and not by way of limitation). 

[0031] Referring to Figure 3B, the ceramic layer 302 is pattern etched to create 
mechanical interlocks 305 in the ceramic sur&ce. If a chemical etching proc^ is used to 
form the mechanical interlocks in the ceramic surface 302, the preferred etch chemistry will 
depend on the diranical properties of &e particular ceramic bdng etched, as well as the 
particular mask. used. The chemical ddumt is typically an acidic or basic solution, such as 
100% H2SO4 (at about 230°Q, 85% H3PO4 (at about 350 - 420°C), 1:1 H2SO4 / H3PO4 (at 
about 270 - 300''C), 10% HF (at about 20»Q, molten K2S2O4 (at 650°C), molten VjOs (at 
about SOO'C), molten Na2B407 (at about 850 - 900''C), or nonaqueous KOH (at about 
335°C). The chemical etchant is generally selected to provide an undercut eteh profile, as 
shown in Figure 3B. 

[0032] The amount oftime that the ceraniic is immersed in &eetdbingsohitiondq>ends 
on the particular ceramic, the type and concentration of the etchant solution, and the desired 
size of the interlodks. If the ceramic is alumina and the etdiant solution is 1 : 1 H2SO4 / 
H3PO4, an immersion time wifliin the range of about 10 minutes to about 60 minutes, at a 
temperature of about 270°C to about SOO'C, will typically provide interlocks having a 
desirable profile and dimensions. 

[0033] The size of the mechanical interlocks 305 will depcod on the process used to form 
the interlocks. The process will be designed to give the amount of surface area desired. 
When a wet chemical etching process is used to form the mechanical interlocks in alumina, 
the interlocks 305 produced ^ically have a diameter A of about 30 /zm to about 300 Atm; 
more typically, about 30 m to about 200 m- Interlocks having adiameter within the range 
of about 50 Mm to about 100 fjm. work particularly welL The depHh B of interlocks 305 is 
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typically wilfain the range of about 1 to about 40 foa, and the diameter to depth ratio 
(A : B) is typically witiiia the range of about 5 : 1 to about SO : 1. When a wet chemical 
etching process is used to fimn the mechanical interlocks, the spacing between adjacent 
interlocks is typically within the range of about 200 f/m to about 700 pm; more typically, 
about 200 /aa to about 500 /jm, 

[0034] The interlocks 305 are ipte£eestoly formed to have an undercut profile, as shown 
in Figure 3B. The undercut profile provides improved interlocking and adherence between 
the ceramic sur&ce 302 and a subs^uently deposited sacrificial matarial layer. The degree 
of undercutting should be sufficient to produce a mechanical lock on the layer of sacrificial 
material lay^ after it has cooled and shrunk to its dimensions at room temperature. With 
reference to Figure 3C, when a chemical etching process is used to form the interlocks, the 
angle 6 formed between the wall 306 of the interlodc 305 and tibe sur&ce 307 of the ceramic 
is typically within the range of about 45° to about 87°. The sh^e of the undercut and the 
spacing on the ceramic sui&ce betwem adjacent undercuts should be such that combined 
stresses cnsated within the sunouoding ceramic structure are substantially conqiressive when 
tensile loading is imposed on the interface between the ceramic sui&ce and fbc sacrificial 
material layer. 

[0035] Refecting to Figure 3C, after pattern etdnng of the ceramic has been completed 
to the desired etch depth, the patterned mask 304 is rranoved. Removal of the patterned 
mask 304 can be performed using convoitional technique^ depending on the particular 
ma^used. 

[0036] According to a particular anbodiment of the invention, a layer of a metal having 
a high melting temperature (such as copper or nickel) is sputter dq)osited onto the ceramic 
surface to a thickness of about 10 ^on to about 50 fm. An e-beam is used to drill holes 
through the metal coating and, typically, partially into the ceramic. Care must be taken not 
to use too much energy during the mask pattanii^ jwocess, to avoid aackmg of the ceramic. 
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By way of example, the ceramic surface is then pattern etdied through the metal masking 
layer by immersion in molten sodium tetraborate (J^^^^0^) at a ten^perature of 850 - 900°C 
for about 10 minutes to about 60 minutes. The copper masking layer is then stripped by 
immersion of the ceramic surface in an acid bath. For exanqile, the copper masking layer 
may be stripped by immersing the caamic surfece in an HCl bath for abovt 1 minute to 
about 5 minutes at room temperature. The ceramic surftce is then cleaned by rinsing with 
deionized water. 

[0037] In an alt^native embodiment, a sheet of a metal having a high melting 
temperature (such as copper or nickel) having a fliickness of about 25 fmi to about 250 foa 
is masked and etched to form numerous small openings. The metal sheet is then formed to 
fit the ceramic surface. The metal ^leet is Hbm coated witii layw of an intermediate 
transition brazing material having a thickness of about 25 /um to iibout 125 Acm, so that the 
transition material does not fill the holes in the metal sheet Suitable intermediate transition 
brazing mat^als include mixtures of molybdenum, manganese, molybdenum oxide, and 
copper, of the kind described by Claes L Helgesson in Ccmmg tP M^taLBsnding (Boston 
Technical Publishers : Cambridge, MA (1968), p. 1 1). The coated metal sheet is then fitted 
to the ceramic surface and furnace brazed. By way of exanople, the ceramic surface is then 
patton etdied flirough the metal masking layer by immeision in molten sodium tetraborate 
(Na2B407) at a temperature of 850 - 900°C for about 10 minutes to about 60 minutes. The 
coppes: masking layor is then stripped by inmietsion of the cenonic surface in an acid bath. 
Forexanq>le, Ihe eqjpermaddng layer may be stripped by immersing the ceramic sur&ce 
in an HCl bath for about 1 minute to about 5 minutes at room temperature. The coamic 
surface is tiien cleaned by rinsing with deionized water. 

[0038] Li a third embodiment, a layer of a metal having a high melting ten^erature (such 
as copper or nickel) is sputter deposited onto &e ceramic surface to a &ickn^ of about 
50 fan to about 250 jLim. A fine spnal or concentric groove pattern is madiined into the 
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metal layer and partially into the ceramic surfece. By way of example, the ceramic suifece 
is then pattern etched through the metal masking layer by immersion in molten sodium 
tetraborate (Na2B407) at a tea^jecatore of 850 - 900'C for about 10 minutes to about 60 
minutes. The copper masking layer is tiien stripped by immosion of the ceramic suz^e in 
an acid bath. For example, the copper maddng layer may be stripped by immersing the 
cemxdc sur&ce in an HCl bath &r about 1 minute to about 5 minutes at room temperature. 
The coramic surface is ften cleaned by rinsing witii (teionized water. 
[0039] Jn yet another embodiment, a layer of a high melting tenperature metal (such as 
coppCT or nickel) is sputter dq)Osited onto the ceramic surfice to a thickness of about 2 pan 
to about 10 paa. A fine spiral or concentric groove pattern is machined into the metal layer 
using electric discharge machining (EDM), including a system of electrode motion control 
that enables the electrode to follow contours of the metal coating. By way of example, the 
ceramic surface is then pattern etched through the metal masking layer by inimersion in 
molten sodium tetraborate QJaJBtOi) at a tenq>6ratuie of 850 < 900°C for about 10 minutes 
to about 60 mmut^. The cqjper masiking layer is then striiq)ed by immersion of the ceramic 
surface in an acid bath. For example, the copper masking layer may be stripped by 
imm^ing the ceramic surface in an HCl badi for about 1 minute to about 5 minutes at room 
temperature. The ceramic sui&ce is then cleaned by rinsing with ddonized water. 
[0040] The metal masking / chemical etchmg embodiment processes described above 
may also be used witibi masking metals other fbm copper and chemical etchants other than 
sodium tetraborate, provided that the masking metal and diemical etchant are both selected 
so that the metal is sufficiently resistant to etching by the particular chemical etchant that 
the metal layer can perform the necessary masking functioiL Jn any case, the masking metal 
must be able to be completely removed from the cenunic surface, or must be compatible 
with the particular end use application of fte texturized ceramic surface. For example, in 
the production of a component for use within a semiconductor processing chamber, there 
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may be some instances in which the use of a coiq)er mask is not desirable because the 
presence of residual copper in the processing cbambo: will negatively affect semiconductor 
manufacturing processes perfoimed in that chamber. 

[0041] In an alternative embodiment of iba invention, a thermal etching process is used 
to form the mechanical interlocks in the ceramic sur&ce. Thennal etching can be used to 
texturize the surface of any polycrystalline ceramic, such as alumina, silicon carbide, and 
aluminum nitride (by way of example and not by way of limitation). During thennal 
etching, a portion of the binding agoA (examples of various binding agents include silica, 
calcium oxide, and magnesium oxide) at the surface of the ceramic is partially removed, 
exposing the grain structure of the ceramic. The binding agent typically has a higher vapor 
pressure than the ceramic, causing die binding agent on the siufitce of die ceramic to 
volatilize and leave the ceramic surface when the ceramic is exposed to a temperature 
slightly below the sintering temperature of the ceramic. Thermal etching is typically 
perfomied by exjwsing the ceramic to a tenq)erature about 200"C to about SOOX below the 
sintering temperature, for a time period of about 20 minutes to about 6 hours. For example, 
thennal etching of alumina is typically performed at a temperature within the range of about 
usee to about ISOCC, for a time period of about 30 minutes to about 4.5 hours. The 
amount of time is arpiricaUy determined so that the alumina crystals remain bound to the 
surface of the ceramic structure, while crevices are created between the crystal grains. 
[0042] In order to enlarge the contact area, while avoiding microcracking of the ceramic, 
the amount of binding agent removed should be less than about 50% of the averse grain 
size of the particular cwamic being etched. For example, whai the ceramic is alumina, with 
an average grain size of about 6 ;um to about 10 ^ the binding agoit should be removed 
to a depth of no more than about 2 ^ to about 5 m- Referring to Figure 4, thermal 
etching results in the formation of grooves 402 at the grain boundary phase of the ceramic 
surface 400. The pattern formed is an artifect of the grain structure of the particular ceramic 
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being etched. The spacing between ttie grooves or divots in the ceramic will be 
approximately equal to the grain idze of the ceramic. 

[0043] After thermal etching, flie ceramic surfece may be ultrasonically cleaned to 
remove any loosely bound ceramic particles. Ultrasonic cleaning can be perfoimed by 
immersing the ceramic sur&ce in tai ultrasonic bath of deionized water, at a tempa^toie of 
about 20''C to about 80°C, for a time period of about 10 minutes to about 1 hour. 
[0044] After cleaning, the ceramic surface is Ihen masked to cover portions of the Surfece 
whore a themial ^ray coating is to be app&^ later. The unmasked portion offbo ceramic 
surface may be re-ground or lapp^ to provide the desired sui£ice firn's H 
[0045] In a third CTabodiment of &e invention, a laser system which includes optics for 
producing a patterned beam is used to form mechanical into-locks in the ceramic surface. 
The laser is preferably a high power, UV pulsed laser system, which is capable of drilling 
precise holes of the desired depth, witiiout significant heating of or damage to the ceramic 
surface. Laser systems suitable for use m die present method include, but are not limited to, 
an excimer laser system (for cxaasple. Model No. LPX21Qi, available firom Lambda Physik 
USA, Inc., Fort Lauderdale, FL) and a diode pumped solid state laser Systran (for exanq)le. 
Model No. PG355-10-F10, also available fiom Lambda Physik). 
[0046] The laser micromachining process typically involves the plication of a high 
power, UV pulsed laser beam. The laser beam is focused at a point on a workpiece where 
a hole is to be formed. Material at the focused area of the woi]q>iece is transformed into 
liquid and vapor phases due to sufiSdent high teaq)eratare. The desired hole is then formed, 
pulse-by-pulse, by removal of material in the liquid and vapor phases. During a 10 - 30 
nanosecond pulsed laser operation, the transformation of material ft^om the solid phase to 
the liquid phase, then V£^r phase, is so r^id tiiat there is virtually no time for h^ to be 
transfeatred into the body of ttie woiiq)iece. As such, the use of a high power, UV pulsed 
laser beam effectively minimizes the size of the area on the workpiece which is affected by 
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heat during the laser microinaclmmig process, fliaeby nmniniizmg miratxaraddng. The use 
of a laser beam with a longer wavelength than 400 ran and/or a longer pulse time can lead 
to significant heat conduction into the woriq>iece, resulting in poor surfece morphology and, 
potentially, microcracking. 

[0047] Wbm a las^ micromachining process is used to form liie mechaoical interlocks, 
the interlocks are typically fonned to have a diameter of about 30 Aon to about 100 pan and 
a depth of about 10 ijm to about 50 fmi. The diameter to depth ratio of laser 
micronoachined interlocks is typically within the range of about 2 : 1 to about 3:1. The 
spacing between adjacent interlocks is typically wifhin the range of about 200 fjm to about 
700 Aim. 

[0048] A laser-diilled cavity generally is cut at an angle other than 90" to the surface of 
the ca:amic. When a laser micnmiadiiDing process is used to fonn the interlocks, the angle 
betweoi the wall of the cavity and the surface of the ceramic is typically within the range 
of about 30" to about 87°; more typically, within the range of about 60° to about 80°. 
Figure 5 is a cross-sectional schematic view which is iUustFative of a structure 500 which 
can be produced by laser micromachining. Shown in Figure 5 are two 502, 504 of the lobes 
of a multi-Iobed cavity 501 consisting of four cavities, each having one undercut wall, 
arrayed at an angle of 90° to each other and intersecting in the middle. Most of the walls 
of the four-lobed cavity 501 are undercut. 

[0049] After formation of mechanical interlocks in the ceramic surface (eitiier by 
chemical etehing, thermal etdung, or using a laser micromachining process), the ceramic 
suifece can optionally be baked for outgasing purposes, and subsequartly annealed to furtho: 
relax surface stress. Annealing is typicaUy pofotmed by heatrag the ceramic to a 
tenqwrature ranging from djout 120°C to about 300°C fca a time period of about 1 hour to 
about 4 hours. Annealing taD[^)eratui^ for particular ceramic mate^ 
in the art. 
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[0050] Referring to Figure 6, afbac fonnation of mechanical interlocks 60S in a ceramic 
sur&ce 602, a layer 608 of a sacrificial material is typically deposited ova ceramic sur&ce 
602. The sacrificial material layer 608 may he deposited using conveational techniques 
known in the art, depending on the particular sacrificial material used and the size of the 
mechanical interlocks 605, whidi wiU d^end on the process by which the interlocks are 
formed. If the sacrificial matoial is aluminum and the interlocks wore formed using a wet 
chemical etching process, the aluminum is typically deposited using a th^mal spraying 
(aluminum arc spray) process, for exair^le. However, if the diameter of the interlocks is 
about 30 fjm or less (for example, if the interlodEs were formed by plasma etching or by 
laser micromachining), it may be difficult to fill Ihe interlocks by thermal spraying with 
aluminum. Therefore, for small (i.&, 30 //m diameter or less) interlock sizes, the sacrificial 
material (e-g., aluminum) is typically dq)0slted dther by sputtering or evaporation. 
Altanatively, the sacrificial material may be deposited by electroplating ovct a PVD or 
CVD (i.e.. chemical vapor depodtion) deposited aluminum seed layer. 
[0051] The deposited thickness of the sacrificial material layer 608 wffl depend on the 
particular sacrificial material used. Fot example, if the sacrificial material is aluminum, 
sacrificial material layer 608 will typically be dqwsited to a thickness rangmg from about 
0.003" (about 76 /jm) to about 0.060" (about 1.5 mm). 

[0052] Figure 7 illustrates an alternative embodiment of the invention, in which a bond 
coat layer 707 is deposited on top of caanic surface 702, prior to the deposition of 
sacrificial material layer 708. The purpose of bond coat layer 707 is to fiffther improve the 
adherence of the sacrificial material Isyei 708 to the caamic surfiice 702, 
[0053] Bond coat layer 707 typically comprises a material having a linear coefficient of 
&ertnal expmam (CTE) which is no more than about 20 % lower or higher than the CTE 
of the cCTamic 702. For example, alumina has a CTE within the range of about 7.0 x 10^ 
/ "C to 8.4 X 10-* / "C (typicaUy, about 7.8 x 10^ / "Q, dq)ending on the composition and 
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purity of the alumina. Suitable bond coat layer materials for use -with alumina include 
tantalum (CTE - 6.5 x 10^ / "Q, rhenium (CTE = 8.3 x 10* / "C), chromium (CTE = 6.2 
X 10"" / °C), titanium (CTE = 8.5 x 10* / '€), platinum (CTE = 8.8 x 10* / "Q, and 
combinations thereof. Molybdenum (CTE = 4.9 x 10 * / °C), nickel (CTE = 12.7 x lO"* / 
°C), and manganese (CTE = 212x10*/ "C) can be used in combination with any of the 
other bond coat layer materials Usted above or mfh. eadi other, to provide a desired nominal 
CTE. For example, mixtures of molybdenum and manganese (typically containing about 
15 wt. % to about 25 wt. % manganese) cw be tailored to have a desired nominal CTE. 
[0054] Ifthe bond coat material has a CTE that is lower than that of&e ceramic material, 
the ceramic surface 702 and the bond coat layer 707 will interlock at application. As the 
temperature of the coramic derates during cooling, the bond between the ceramic and tiie 
bond coat layer becomes tighter. Therefore, m order to obtain the tightest bond possible 
between the bond coat layor 707 and the ceramic surface 702, the bond coat material should 
be deposited onto fee coanric surfece at as high a ceramic surfece ten5)erature as possible. 
For exanq)le, if the ceramic is akoomna, and the bond coat material is tantalum, the ceramic 
surface should be heated as high as about lOOCC. 

[0055] If the bond coat material has a CTE that is hi^er than that of fee ceramic 
material, a greater undoccut may be required to msure that fee ceramic surfece 702 and fee 
bond coat layer 707 remain interlocked. 

[0056] If fee ceramic has been texturized using a thennal etching process, fee bond coat 
material will need to be sdected to have fee qjpropriate feermal coefifident of expansion and 
feermal properties so that fee bond coat material will not introduce cracking in fee caamic. 
In particular, fee bond coat material would need to be selected such feat it does not have a 
high stress intennediary region in its stress vs. ten^erature curve that is associated wife fee 
temperatures feat are achieved during subsequent aluminum arc spraying, which could cause 
fee bond coat to expand to fee point at which it would crack fee ceramic (during or after fee 
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aluminum arc spray process). 

[0057] The bond coat layer 707 can be deposited using standard techniques known in the 
art, depaiding on the particular bond coat material. For exsaaaplB, if the bond coat layer 707 
is tantalum, the tantalum is typically deposited by physical vapor deposition (Le., sputter 
deposition). The bond coat layer 707 is typically deposited to have a thickness ranging 
between about 0.0003" (about 7.6 pm) to about 0.0015" (about 38 fjm). 
[0058] In order to increase the adherence of the overlying sacrificial material 708 to the 
bond coat layer 707, the top sur&ce 709 of Ihe bond coat layer 707 is preferably rou^ened 
to a surface rougjbness of about 50 microinch Ra to about 400 microinch Ra prior to 
deposition of the sacrificial material layer 708. Roughening of the bond coat layer surface 
709 can be effected by adjustment of various tiiermal spray parametos such as gas pressure, 
gas and powder feed rates, voltage, current, motion and direction of spray nozzle, 
mechanical surface roughening, gas ch^stry, and powder components. 
[0059] The structures shown in Figures 6 and 7 can be used as the surface of a 
con^Kment (such as a deposition ring) in a semiconductor processing ctmabac. When the 
amount of deposited tantalum builds up to an unacceptable level, the component can be 
removed from the semiconductor processing chamba, and the sacrificial material layer with 
overlying tan^mn dqwsits can be removed using conventional techniques, dq)ending on 
the sacrificial material used. For example, if the sacrificial material is aluminum, the 
aluminum layer and overlying tantalum dq)osite can be removed by immersing the surface 
of the chamber component in an addic solution, such as 37% HCl, 93% H2SO4 , 85% H3PO4, 
70% HNO3, 49% HF, 30% H2O2, or mixtures thereof. The immersion time will depend on 
the thickness of the aluminum layer 306. However, for an ahuninum layer having a 
thidmess within the range of about 0.006" (about 150 A<m) to about 0.015" (about 380 /jxa), 
an immersion time of about 5 minutes to about 20 minutes is typically sufficient to remove 
the entire aluminum layer and the overlying tantalum d^sits. 
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[0060] If the chanaber component includes an optional bond coat layer 707 betweoi the 
ceramic surface 702 and the sacrificial material layer 708, the bond coat layer 707 should 
comprise a mataial which is either easily removable firom the ceramic surface 702 {e.g,, can 
be removed simultaneously with the romoval of the sacrificial material layer 708), or is not 
removed, but is compatible with semiconductor manufectoring processes performed witiiin 
the semiconductor processing chamber. Tantalvon, whidi has a CTE slightly lower than that 
of alumina, is an excellent material for use as the bond coat layer 707. Because tantalum is 
highly resistant to chemical etchants (as described in &e "Background of tiw Inveotion"), 
a tantalum bond coat layer 707 would typically not be removed during the rranoval of the 
sacrificial material layer 708 and overlying tantalum deposits. 
[0061] After removal of the sacrificial material layer and tantahim deposits, the ceramic 
surface or bond coat layer is recoated with a layer of sacrificial material, as previously 
described. 

[0062] Although less rough than grit-blasted ceramic surfeces, we have found that 
ceramic surfeces roughened according to the chemical etchmg, thermal etching, or laser 
micromachining methods of the invention are less brittle and exhibit less damage than 
ceramic surfeces which are rougjiened using convendonal grit blasting techniques. Further, 
ceramic surfeces which have been roughoied according to the methods of the invention 
provide better adherence of an overlying aluminum sacrificial layer than do grit-blasted 
ceramic surfaces. Because adherence of an aluminum coatmg to a ceramic surface relies 
essatitially on mechanical adheraice (rather than dhemical bonding) of the aluminum to the 
ceramic, the present invention provides a solution to a fundamental problem by enlarging 
the contact area between the ceramic surfece and the aluminum, and by mechanically 
locking the alummum to the coramic sur&ce. 
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[0063] The above described prefared embodiments are not intended to limit the scope 
of the present invention, as one skilled in the art can. in view of the present disclosure 
expand such embodiments to correspond with the subject matter of the invention claimed 
below. 
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CLAIMS 

We claim: 

1. A method of roughening a ceramic stir&ce comprising forming mechanical 
interlocks in said ceramic smface by pattern etching said ceramic sux&ce through a mask 
using a chemical etchant 

2. The me&od of Claim l.wherdnsdd cemmc is sdectedfixmifte group consist^ 
of alimiina, quartz, aluminum nitride, silicon carbide, sUicon nitride, bortm carbide, and 
combinations thereof. 

3. The method of Claim 1, wherdn said mediardcal interlocks have a diameter widiin 
the range of about 30 /jxq. to about 300 too. 

4. The method of Claim 1, wherein said mechanical interlocks have a dqith within the 
r^e of about 1 /jxa to about 40 /zm. 

5. The method of Claim 1, wherein said mechanical interlocks have a diameter to 
dqsth ratio within the range of about 5 : 1 to about SO : 1. 

6. The me&od of Claim 1, wherdn the spacing betweoi ati^aceat mechanical 
interiocks is within tile range of about 200 /mi to aboirt 700 /mL 
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7. The meliiod of Claim 1, whwran said mecJianical interlocks are undercut 

8. The method of Claim 1, wheran said caramic surfece is pattOTi etched by forming 
a patterned mask over said ceramic surface, then immersing said masked ceramic surface in 
a solution of an acid selected from the groiq) consisting of HjSO^, H3PO4, HF, K^S204, V2O5, 
Na2B407, KOH, and combinations thaeof. 

9. A method of roughening a ceramic surface cooopising forming mechanical 
interlocks in said ceramic surface using a thermal etching process. 

10. The method of Claim 9, wheiein said cfflsmic is selected frcan the group cottdst^ 
of alumina, quartz, aluminum nitride^ silicon carbide, sdlicon nitride, boron carbide, and 
combinations thra^f. 

11. The method of Claim 9, wherdn said ceramic surface is thermally etched by 
exposing said ceramic sur&ce to a temperature below Ihe sintering temperature of said 
cecsaac. 

12. The method of Claim 11, whodm said ceramic sur&ce is thermally etched by 
exposing said caramic sur&ce to a tsmptxOme mftnn the rai^ of about lOO'C to about 
SOO^C below the sintering temperature of said ceramic. 

1 3 . The method of Claim 12, viliaein said coamic surface is exposed to a temperature 
about 200°C to about 500°C below the sintoing tempacsime of said ceramic fin: a time period 
within the range of about 20 minutes to about 6 hours. 
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14. The method of Claim 1 1 , wherein said ceramic surface comprises alumina, and said 
alumina is thermally etched by e^qjosing said alumina to a temperature within the range of 
about 1250°C to about ISOCC, for a time period within the range of about 30 minutes to 
about 4,5 hours. 

15. A m^od of rougheaoing a ceramic surface conqmsing forming mechanical 
interlocks in said ceramic sur&ce using a lasor system which includes optics for producing 
a patterned beam. 

16. The method of Claim 16, wherdn said ceramic is selected from the group 
consisting of alumina, quartz, aluminum nitride, silicon carbide, silicon nitride, boron carbide, 
and combinations thereof. 

17. The method of Claim 16, wherem said mechanical interlocks have a diameter 
within the range of about 30 fjm to about 100 /zm. 

1 8. The method of Claim 16, wherdn said mechanical interiocks have a depth wiftin 
the range of about 10 /zm to about 50 /zm. 

19. The method of Claim 16, wherein said mechanical mtetlocsks have a cfiameter to 
depth ratio within die range of about 2 : 1 to about 3:1- 

20. The method of Claim 16, whaein said mechanical interlocks are undercut 
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21. The method of Claim 16, wherein said laser syston is a high power, UV pulsed 
laser system. 

22. A component for use within a semiconductor processing chamber, wherein said 
canqKment h^ at least one ceramic sur&ce which has mechanical interlocks formed therein. 

23. The component of Claim 22, wherem said ceramic is selected fiom the group 
consisting of alumina, quartz, alununom nitride, silicon carbide, silicon nitride, boron caibide, 
and combinations thereof. 

24. The CQO^onent of Claim 22, whetein said mechanical interlocks are formed in said 
at least one ceramic surfisice by a process selected from the group consisting of a chranical 
etching process, a thomal etching process, and a laser micromachining process. 

25. The coniponeot of Claim 22, wherein said medhanical interlocks are undercut 

26. ThecompQii^tofClaim22,\^erehabyerofasacri£ldaIinalerialova:Hes^ 
cearanuc sur&ce. 

27. The component of Claim 26, wherein said sacrificial material is aluminum. 

28. The component of Claim 27, wherem said aluminum layer has a thickness within 
the range of about 76 fxm to about 1.5 mm. 
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29. The component of Claim 26, wherein said component includes a bond coat layer 
between said ceramic sur&ce and said sacrificial material layer. 

30. The component of Claim 29, wherein said bond coat layer comprises a material 
having a coefficient of thermal expansion which is no more than about 20% higher or lower 
than the coefficient of thermal expansicm of said ceramic. 

3 1 . The componoit of Clahn 29, wherein said ceramic courses alumina, and said 
bond coat layer comprises a material selected fiom the groiq; condsting of tantalum, rhenium, 
molybdenum, chromium, titanium, platinum, nickd, manganese, and combinations thereof. 

32. The component of Claim 31, wherein said bond coat layer comprises tantalum, and 
said tantalum layor has a thickness within the range of about 7.6 fj.m to about 38 //m. 

33 . A deposition ring for use within a physical vapor deposition chamber, wherein said 
deposition ring has at least one ceramic sur&ce which has medical interlocks formed 
thearein. 

34. The dqposition ring of Clahn 33, wherein said ceramic is selected fix>m the groi^ 
consisting of alununa, quartz, aluminum nitride, silicon carbide, silicon nitride, boron carbide, 
and combinations thereof. 

35. The deposition ring of Claim 33, whatem said mechanical interlodcs are fiarmed in 
said at least one ceramic sur&ce by aproc^ selected fiom the groi^ consisting of a chemical 
etching process, a thomal etching process, and a lased- micromadiining process. 
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36. The deposition ring of Claim 33, whesrein said medianical interlocks are undercut 

37. The deposition ring of Claim 33, wherein a layer of a sacrificial material overlies 
said ceramic surface. 

38. The d^sition ring of Claim 37, wherein said sacrificial material is aluminum. 

39. The deposition ring of Cl»m 38, wtaemn said aluminum layer has a thickness 
wititin the range of about 76 /jxa. to about 1.5 mm. 

40. The deposition ring of Claim 37, ixdliaein said deposition ring finthor includes a 
bond coat layer between said ceramic surface and said sacrificial material layer. 

41 . The deposition ring of Claim 40, whoein said bond coat layer comprises a material 
having a coefScient of thranal expansion which is no more than about 20% higher or lower 
lhan the coefBdent of thramal esqpansion of said ceramic. 

42. The deposition ring of Claim 40, wfaraein said cemnic comprises alumina, and said 
bond coat layer conpdses a material selected fiom the gmp ccaisisting of tantalum, ihfioium, 
molybdenum, chromium, titanium, platinum, nickel, manganese, and combinations thereof. 

43. The d^osition ring of Claim 42, wherein said bond coat ^yer con^rises tantalum, 
and md tantalun layer has a thickness within &e range of 7.6 paa to about 38 foa. 
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This International Searching Authority found multiple (groups of) 
inventions in this international application, as follows: 

1. Claims: 1-8 

A method of roughening a ceramic surface comprising forming 
mechanical interlocks by pattern etching through a mask 
using a chemical etchant. 



2. Claims: 9-14 

A method of roughening a ceramic surface comprising forming 
mechanical interlocks by thermal etching. 



3. Claims: 15-21 

A method of roughening a ceramic surface comprising fonning 
mechanical interlocks using a laser system with Includes 
optics for producing a patterned beam. 



4. Claims: 22-43 

A component suitable for use within a serai conductor 
processing chamber, having a ceramic surface which has 
mechanical Interlocks formed therein. 



